How did eukaryotic cells arise from prokaryotic ancestors? In particular, from which lineage (or lineages) of prokaryotes can we trace the origin of the eukaryote nuclear genome? Such questions have puzzled biologists for decades. A recent study by Cotton and McInerney [1] takes a fresh look at the question by asking not only where eukaryotic genes came from, but also how functionally important these genes are in relation to which type of prokaryote -eubacteria or archaebacteria -they are derived from.
Initial hypotheses posited that the eukaryotic cell arose through endosymbioses among bacteria [2] . These hypotheses have been supported by early studies that confirmed that mitochondria and chloroplasts are derived from bacteria [3] . Archaebacteria -later recognized to be a prokaryotic group separate from the eubacteria [4] -were postulated as possible ancestors for the eukaryotic nucleus. In 1984, the privileged status of archaebacteria was elevated further, when Lake et al. [5] proposed that eukaryotes derived from a particular group of archaebacteria dubbed 'eocytes' (now referred to as 'crenarchaeotes').
Although additional data supported the eocyte hypothesis for eukaryotic origins [6] [7] [8] , the ensuing two decades witnessed the widespread acceptance of a different view of the tree of life. This tree was now rooted by ancient gene duplications between the eubacteria and the archaebacteria and it indicated that eukaryotes had a sister relationship with archaebacteria, instead of being their descendants [9, 10] . The hegemony of this so-called 'three domain' tree ( Figure 1 ) even led to a renaming of these major domains [11] : Bacteria (eubacteria), Archaea (archaebacteria), and Eukarya (eukaryotes).
As both eukaryotic and prokaryotic genome sequences became available in the late 1990s, it looked as though these pressing questions of eukaryotic origins could be answered. If eukaryotes derived from an archaebacterium then many, if not most, eukaryotic genes should be traceable to archaebacteria. But this was not the case. Instead, of the many genes that could be traced to prokaryotic sources, most were derived from eubacteria [12] . A possible solution to this conundrum was that most eubacterial genes were derived from post-endosymbiotic gene transfer to the nucleus via the proteobacterial ancestor of the mitochondrion [13] . This explanation was at least consistent with previous phylogenetic studies indicating that most 'informational' genes in eukaryotes -i.e., those functioning in transcription, translation and replication -were derived from archaebacterial sources, whereas the more abundant 'operational' genes, e.g., those encoding metabolic functions, came primarily from eubacterial sources [14] .
But how could so many, and seemingly functionally important, eubacterial genes take over an essentially archaebacterial cell? This conundrum led back to the ideas of endosymbiotic origins for eukaryotes. Instead of the mitochondrion representing a latecomer to an already established, post-archaebacterial, proto-eukaryotic lineage, perhaps the mitochondrial endosymbiosis was itself one -if not the -key initial event in eukaryote evolution. This view has gained ground following the clear rejection of the Archezoa hypothesis -the idea that some eukaryotic lineages diverged before the mitochondrial endosymbiosis -with data showing that all known eukaryotes either have or previously had a mitochondrion [15] . With the mitochondrion present in the common ancestor of eukaryotes, eukaryotic genomes would then easily be true chimeras: combining archaebacterial genetic infrastructure with metabolic machinery from eubacteria. These ideas have re-emerged as apparently synthetic views, exemplified by Lake's 'ring of life' hypothesis [16] that acknowledges multiple prokaryotic sources to the eukaryotic lineage. Even more recent phylogenetic analyses take us back to the eocyte hypothesis (now, 'two-domain hypothesis'; Figure 1B ) and provide considerable (but perhaps not definitive) evidence that eukaryotes derive from within archaebacteria [17, 18] .
In the end, gene phylogenies, however methodologically rigorous, seem unable to definitively answer whether one particular and if so which prokaryotic lineage was the major foundation on which eukaryotes were built. By sheer numbers, eubacterial genes are more important. But the archaebacterial genes with their strong roles in the information economy of the cell are arguably more important. But what might we mean by important? Is it possible to directly assess the functional importance of these prokaryotic genes to eukaryotic organisms by comparing genes deriving from both eubacterial and archaebacterial sources? Cotton and McInerney [1] recently asked these questions and their analyses provide some surprisingly clear answers: even though the archaebacterial-derived genes in the Saccharomyces cerevisiae genome are outnumbered nearly four-fold by the eubacterial genes, the archaebacterial genes are functionally more important. Indeed, this distinction is true regardless of the genes' roles in the operational or informational metabolism of the cell.
The main criterion Cotton and McInerney [1] used for assessing importance was based on the available yeast gene deletion data, designating genes as generating either viable or lethal phenotypes when knocked out [19] . Those genes that are lethal when deleted are more essential and, thus, likely to be more important to the cell. The major result is that lethal genes are 2.3 times more likely to be of archaebacterial than eubacterial origin. The informational genes from archaebacteria are three times more likely to be lethal and comprise a substantial part of the signal; however, the same pattern is seen for the operational genes from archaebacteria, which are twice as likely to be lethal, even though these genes are much lower in number. In sum, the results show that, on average, eukaryotic genes deriving from archaebacteria are more essential regardless of their precise role in the cell. The archaebacterial genes are simply more important than those from eubacteria.
To corroborate the results based on yeast knockouts, Cotton and McInerney [1] also assessed two additional criteria that are correlated with functional importance of genes: the level of gene expression and the connections of the encoded proteins in interaction networks. For these, the archaebacterial genes were also functionally more important: they were expressed at higher levels and exhibited both increased centrality and connectedness in protein interaction networks. Again, archaebacterial genes are more important.
So what does this say about eukaryotic origins? The straightforward inference is that archaebacterial ancestors contributed more substantially to what would become the eukaryotic nucleus than did eubacteria. The finding by Cotton and McInerney [1] that on all counts eubacterial genes are functionally less important to yeast constitutes prima facie evidence that eubacterial genes are relative latecomers to the event that defined the eukaryotic nucleus. And although this work does not directly resolve the three-domain versus two-domain controversy [20] , it certainly adds strength to the view that eukaryotes are derived from within an already established prokaryotic lineage called 'archaebacteria'. In the standard, three-domain, hypothesis (A), archaebacteria and eukaryotes are sister taxa, whereas in the two-domain hypothesis (B), eukaryotes derive from within archaebacteria. Trees are shown as being conventionally rooted between eubacteria and archaebacteria. Although alternative roots (e.g., within the eubacteria) are possible, the two hypothesized relationships between eukaryotes and archaebacteria remain as shown.
